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DESCRIPTION 

IMAGE PROCESSING APPARATUS AND MONITORING SYSTEM 

Technical Field 

The present invention relates to an image processing 
technique for generating synthetic images with images 
captured by a plurality of cameras. In particular, the 
present invention relates to an effective technique for a 
monitoring system that can be utilized as an aid to confirm 
safety when driving a vehicle. 

Background Art 

In conventional monitoring systems in general, one or a 
plurality of monitoring cameras capture an image of an object 
to be monitored, and the image is displayed on a monitor. In 
this case, generally, monitors are prepared in the number 
corresponding to the number of the cameras installed for 
monitoring. 

For example, a conventional safety monitoring system 
for vehicles is as follows. A camera for capturing images is 
installed around the vehicle, and the images captured by the 
camera are displayed on a monitor installed near the driving 
seat. This system allows the driver to confirm safety of 
places of which safety confirmation is difficult with eyes or 
a mirror, such as an area behind the vehicle, through the 
monitor. 



Japanese Patent Publication No. 2696516 discloses a 
structure that displays images on a divided monitoring screen, 
depending on the gear or the car speed. More specifically, 
when it is determined that the vehicle is in the halt state 
5 or in the low speed state, the monitoring screen is divided 
into three sections, and images captured by three cameras 
installed on the right side, the left side and in a lower 
portion of the vehicle are synthesized and reproduced. When 
it is determined that the vehicle is in the forward running 
10 state, the monitoring screen is divided into two sections, 
and images captured by two cameras installed on the right 
side and the left side of the vehicle are synthesized and 
reproduced . 

Japanese Laid-Open Patent Publication No. 11-78692 
15 discloses a video presenting apparatus for vehicles having a 
structure in which precise videos for each encountered scene 
are synthesized and displayed. More specifically, camera 
images are transformed and synthesized depending on the 
driving state of the vehicle such as backward parking, 
20 forward parking, parallel parking or a state where the 
vehicle goes into an intersection with an obstructed view. 

However, such conventional structures are not 
necessarily convenient systems for users such as drivers of 
vehicles . 

25 

Disclosure of Invention 

It is an object of the present invention to provide an 



improved image processing apparatus or an improved monitoring 
system in the convenience of users such as drivers of 
vehicles . 

More specifically, an image processing apparatus of the 
5 present invention includes an image processing part for 
receiving images captured by a plurality of cameras shooting 
surroundings of a vehicle to generate a synthetic image 
viewed from a virtual point of view from these camera images, 
wherein the image processing part changes at least one 
10 selected from the position, the direction of the line of 
sight, and the focal length of the virtual point of view in 
accordance with a running state of the vehicle. 

It is preferable that the image processing part changes 
at least one selected from the position of the virtual point 
15 of view, the direction of the line of sight, and the focal 
length in accordance with a running speed of the vehicle. 

It is preferable that the image processing part changes 
at least one selected from the position, the direction of the 
line of sight, and the focal length of the virtual point of 
20 view, and controls capturing of an image outside a view range 
of the changed virtual point of view. 

It is preferable that the image processing part 
controls the capturing of an image outside a view range of 
the changed virtual point of view by changing a model for 
25 image synthesis. 

It is preferable that the image processing part changes 
at least one selected from the position, the direction of the 



line of sight, and the focal length of the virtual point of 
view in accordance with a steering angle of the vehicle. 

It is preferable that the image processing part changes 
at least one selected from the position, the direction of the 
line of sight, and the focal length of the virtual point of 
view in accordance with results of detection by an object 
detecting sensor that is provided in the vehicle. 

It is preferable that the image processing part 
includes an original mapping table and generates a synthetic 
image using a mapping table that is cut out from the original 
mapping table, and the image processing part changes at least 
one selected from the position, the direction of the line of 
sight, and the focal length of the virtual point of view by 
changing the mapping table to be cut out from the original 
mapping table. 

According to another aspect of the present invention, 
an image processing apparatus includes an image processing 
part for receiving images captured by a plurality of cameras 
shooting surroundings of a vehicle to generate a synthetic 
image viewed from a virtual point of view from these camera 
images, wherein the image processing part controls capturing 
of an image outside a view range of the virtual point of view 
in accordance with a running state of the vehicle. 

According to another aspect of the present invention, a 
monitoring system includes a plurality of cameras shooting 
surroundings of a vehicle; an image processing part for 
receiving images captured by the plurality of cameras to 



generate a synthetic image viewed from a virtual point of 
view from these camera images; and a display part for 
displaying the synthetic image, wherein the image processing 
part changes at least one selected from the position, the 
5 direction of the line of sight, and the focal length of the 
virtual point of view in accordance with a running state of 
the vehicle. 

More specifically, an image processing apparatus of the 
present invention includes an image processing part for 

10 receiving images captured by a plurality of cameras shooting 
surroundings of a vehicle to generate a synthetic image from 
these camera images, wherein the image processing part 
generates an image including a first image and a second image 
as the synthetic image, the first image being viewed from a 

15 virtual point of view, the second image being viewed from a 
viewpoint that is different from the virtual point of view of 
the first image in at least one selected from the position, 
the direction of the line of sight and the focal length, or 
the second image being different from the first image in the 

2 0 model . 

It is preferable that the second image is at least one 
of the camera images. 

It is preferable that the first image is a close view 
image showing the vehicle and surroundings thereof, and the 
25 second image is a distant view image showing an area distant 
from the surrounding area of the vehicle that is shown by the 
close view image. It is preferable that the image processing 



part arranges the distant view image around the close view 
image in the synthetic image. It is preferable that the 
distant view image is an image having continuity with the 
close view image. 
5 It is preferable that the first image shows at least a 

part of the vehicle and at least a part of the surroundings 
of the vehicle, and the second image is obtained by enlarging 
at least a part of the area shown by the first image. 

According to another aspect of the present invention, a 
10 monitoring system includes a plurality of cameras shooting 
surroundings of a vehicle; an image processing part for 
receiving images captured by the plurality of cameras to 
generate a synthetic image from these camera images; and a 
display part for displaying the synthetic image, wherein the 
15 image processing part generates an image including a first 
image and a second image as the synthetic image, the first 
image being viewed from a virtual point of view, the second 
image being viewed from a viewpoint that is different from 
the virtual point of view of the first image in at least one 
20 selected from the position, the direction of the line of 
sight and the focal length, or the second image being 
different from the first image in the model. 

More specifically, an image processing apparatus of the 
present invention includes an image processing part for 
25 receiving images captured by a plurality of cameras shooting 
surroundings of a vehicle to generate a synthetic image from 
these camera images, wherein in the synthetic image, the 



image processing part displays at least a part of a vehicle 
region where the vehicle is present, and an attention drawing 
region for drawing attention in which at least a part of the 
surroundings of the vehicle is shown. 
5 It is preferable that the synthetic image is an image 

viewed from a virtual point of view that is set above the 
vehicle. 

It is preferable that the image processing part 
displays an illustration image or an actual image of the 

10 vehicle on the vehicle region. 

It is preferable that the attention drawing region 
includes at least a part of a blind spot region around the 
vehicle that is not shot by any of the cameras. 
Alternatively, it is preferable that the attention drawing 

15 region corresponds to the blind spot region around the 
vehicle that is not shot by any of the cameras. It is 
preferable that the image processing part determines a range 
of a region obtained by combining the blind spot region and 
the vehicle region, using region data showing a projection 

20 region of the vehicle in each camera image. 

According to another aspect of the present invention, a 
monitoring system includes a plurality of cameras shooting 
surroundings of a vehicle; an image processing part for 
receiving images captured by the plurality of cameras to 

25 generate a synthetic image from these camera images; and a 
display part for displaying the synthetic image, wherein in 
the synthetic image, the image processing part displays at 



least a part of a vehicle region where the vehicle is present, 
and an attention drawing region for drawing attention in 
which at least a part of the surroundings of the vehicle is 
shown. 

5 More specifically, an image processing apparatus of the 

present invention includes an image processing part for 
receiving images captured by a plurality of cameras shooting 
surroundings of a vehicle to generate a synthetic image from 
these camera images, wherein the image processing part 

10 generates the synthetic image, using a mapping table 
including first mapping data describing a correspondence 
relationship between pixels of the synthetic image and pixels 
of the camera images, and second mapping data describing an 
identifier showing that a pixel of the synthetic image 

15 corresponds to pixel data other than the camera images. 

It is preferable that the pixel data other than the 
camera images shows the vehicle or a blind spot region that 
is present in at least a part of the surroundings of the 
vehicle. 

20 It is preferable that the image processing part stores 

a predetermined image other than the camera images, and with 
respect to the pixel of the synthetic image, the second 
mapping data describes coordinate values in the stored 
predetermined image corresponding to the pixel . 
25 It is preferable that the second mapping data describes 

pixel data corresponding to the pixel of the synthetic image. 
According to another aspect of the present invention, 
8 



an image processing apparatus includes an image processing 
part for receiving images captured by a plurality of cameras 
shooting surroundings of a vehicle to generate a synthetic 
image from these camera images, wherein the image processing 
5 part uses mapping data describing a correspondence 
relationship between pixels of the synthetic image and a 
plurality of pixel data including one or both of pixel data 
of the camera images and pixel data other than the camera 
images, and describing the rate of necessity with respect to 

10 each of the pixel data, and weights each pixel data in 
accordance with the rate of necessity, thereby generating the 
pixel data of the pixels of the synthetic image. 

According to another aspect of the present invention, 
an image processing apparatus includes an image processing 

15 part for receiving images captured by a plurality of cameras 
shooting surroundings of a vehicle to generate a synthetic 
image from these camera images, wherein the image processing 
part includes an original mapping table, cuts out a mapping 
table describing a correspondence relationship between pixels 

20 of the synthetic image and pixels of the camera images, and 
generates the synthetic image, using the cut-out mapping 
table. 



Brief Description of Drawings 
25 Fig. 1 is a conceptual diagram of a monitoring system 

of the present invention. 

Figs. 2(a) and 2(b) are views showing an example of 
9 



camera arrangement. 

Fig. 3 is an example of images captured by the cameras 
of Figs. 2(a) and 2(b). 

Fig. 4 is a view conceptually showing the relationship 
5 between a virtual point of view and actual cameras. 

Fig. 5 is an example of a generated synthetic image. 

Figs 6(a) to 6(e) are views showing an image synthesis 
operation using a mapping table. 

Fig. 7 is an example of a structure of a monitoring 
10 system of an embodiment of the present invention. 

Fig. 8 is a flowchart showing an operation of an image 
synthesis part of Fig. 7. 

Fig. 9 is an example of a structure of a mapping table. 

Fig. 10 is a flowchart showing the detail of the pixel 
15 synthesis step S14 of Fig. 8. 

Fig. 11 is an example of mapping data that describe 
pixel data other than the camera images . 

Fig. 12 is an example of a vertically downward view 
image utilizing images from eight cameras. 
20 Fig. 13 is an example of a vertically downward view 

image utilizing images from four cameras. 

Fig. 14 is an example of a vertically downward view 
image utilizing images from two cameras. 

Fig. 15 is an example of an obliquely downward view 

25 image. 

Fig. 16 is an example of a panorama image in forward 
panorama mode. 

10 



Fig. 17 is an example of a panorama image in backward 
panorama mode. 

Fig. 18 is an example of a combination of an obliquely 
downward view image and a panorama image. 
5 Figs. 19(a) to 19(f) show an example of synthetic 

images when the height of the virtual point of view is 
changed in accordance with the running state of the vehicle. 

Figs. 20(a) to 20(d) show an example of synthetic 
images when the direction of the line of sight of the virtual 
10 point of view is changed in accordance with the running state 
of the vehicle. 

Figs. 21(a) and 21(b) show an example of synthetic 
images when the direction of the line of sight of the virtual 
point of view is changed in accordance with the steering 
15 angle of the vehicle. 

Figs. 22(a) and 22(b) are views showing an example of 
image switching in accordance with output signals from an 
object detecting sensor. 

Fig. 23 is a view showing an example of image switching 
20 in accordance with output signals of an object detecting 
sensor. 

Fig. 24 shows views showing an example of image 
switching in accordance with output signals of an object 
detecting sensor. 
25 Fig. 25 is an example of a structure of a monitoring 

system of an embodiment of the present invention. 

Figs. 26(a) to 26(d) are views showing cutting-out of a 



mapping table for parallel displacement of an image. 

Figs. 27(a) to 27(g) are views showing cutting-out of a 
mapping table for enlargement or contraction of an image. 

Fig. 28 is a view showing cutting-out of a mapping 
5 table in the shape of a quadrangle other than a square. 

Fig. 29 is an example of camera images. 

Fig. 30 is an example of a synthetic image where camera 
images showing an obliquely backward view is attached on the 
right and the left of a downward view image. 
10 Fig. 31 is an example displaying a downward view image 

in a narrow range and a downward view image in a wide range 
side by side. 

Fig. 32 is an example where obliquely downward view 
images are attached around the downward view image. 
15 Fig. 33 is an example where an image utilizing a quasi- 

cylindrical model is attached around the downward view image. 

Fig. 34 is an example where panorama images are 
attached around the downward view image. 

Fig. 35 is an example where obliquely downward view 
20 images are attached around the downward view image with blank 
portions at the four corners. 

Fig. 36 is an example displaying an image showing the 
position of a virtual point of view together with a camera 
image. 

25 Fig. 37 shows views showing an example of camera images 

and mask data showing projection regions of the vehicle. 

Figs. 38(a) to 38(c) are views showing an example where 



an image of the vehicle is superimposed. 

Fig. 39 shows views showing an example of synthetic 
images when a projection of the vehicle is converted as it is. 

Fig. 40 shows views showing a part of the mask data. 
5 Fig. 41 is an example of a synthetic image showing a 

vehicle region and a blind spot region. 

Fig. 42 is a diagram showing a procedure for generating 
mapping data for obtaining the blind spot region and 
attaching images of a vehicle. 
10 Figs. 43(a) to 43(d) are diagrams showing the 

relationship between the mask data and the pixels of the 
synthetic images . 

Figs 44(a) to 44(c) show an example of synthetic images 
when mapping data obtained as a result of the procedure of 
15 Fig. 42 are used. 

Fig. 45 is a diagram showing a procedure for generating 
mapping data for designating an attention drawing region. 

Figs. 46(a) to 46(c) show an example of synthetic 
images when mapping data obtained as a result of the 
20 procedure of Fig. 45 are used. 

Fig. 47 is a diagram for illustrating geometric 
transformation. 

Fig. 48 is a diagram for illustrating geometric 
trans formation . 

25 Fig. 49 is a diagram for illustrating geometric 

trans format ion . 

Fig. 50 is a diagram for illustrating geometric 
13 



trans formation . 

Best Mode for Carrying Out the Invention 

Fig. 1 is a conceptual diagram of a monitoring system 
5 of the present invention. In the monitoring system of Fig. 1, 
an image processing part 2 receives a plurality of camera 
images output from an image capturing part 1, and synthesizes 
the images to generate a synthesis image viewed from a 
virtual point of view. This synthetic image is displayed by 
10 a displaying part 3 such as a liquid crystal display. The 
image processing part 2 constitutes an image processing 
apparatus of the present invention. 

In the description herein, a monitoring system of the 
present invention is mounted on a vehicle to assist parking 
15 or the like. 

Figs. 2(a) and 2(b) show an example of camera 
arrangement. Fig. 3 is an example of images captured by the 
cameras arranged in Figs. 2(a) and 2(b). As shown in Figs. 
2(a) to 2(b), five cameras are provided in the vicinity of 
20 the door mirror, in the vicinity of the rear pillar and on 
the rear trunk. The image processing part 2 generates a 
synthetic image from five camera images when viewed from a 
virtual point of view. 

The virtual point of view can be set to be oriented to 
25 an arbitrary direction in an arbitrary position in a three- 
dimensional space as in the case of a camera arrangement in 
video generation of computer graphics. The parameters that 

14 



determine the virtual point of view are coordinates (X-axis, 
Y-axis, Z-axis) representing the position of the virtual 
point of view in a three-dimensional space, three angles 
representing the direction, namely, an azimuth (horizontal 
5 rotation), an elevation angle (gradient) and a twist 
(rotation about the optical axis), and a focal length 
defining the view range. The focal length is a distance 
between the virtual point of view and a projection plane on 
which a synthetic image is generated. When the focal length 

10 is small, an image with a wide angle is generated. When the 
focal length is large, a telescopic image is generated. In 
actual cameras, the focal length is often represented by a 
distance (mm) with respect to the size (35mm) of a film that 
is the projection plane. In this specification, since the 

15 size of a synthetic image is represented by pixels, the focal 
length is also represented by pixels. 

An appropriate synthetic image can be generated by 
selecting the position, the direction and the focal length of 
the virtual point of view depending on the situation. 

20 Fig. 4 is a view conceptually showing the relationship 

between a virtual point of view and actual cameras. In Fig. 
4, the virtual point of view is set above the vehicle. Fig. 
5 is an example of a generated synthetic image, which is an 
image showing the vehicle and the scene around the vehicle 

25 viewed from the virtual point of view shown in Fig. 4. 

In this embodiment, the image processing part 2 uses a 
mapping table 4 to generate a synthetic image from a 



plurality of camera images. Herein, a "mapping table" refers 
to a table that describes the correspondence relationship 
between pixels for a synthetic image and pixel data of each 
camera image. As described later, in the mapping table, a 
5 correspondence relationship between pixels for a synthetic 
image and pixel data other than the camera images can be 
described. 

Principle of the mapping table 
10 Hereinafter, an operation for generating a synthetic 

image from a plurality of camera images using the mapping 
table will be described. 

Figs. 6(a) to 6(e) are views for illustrating the 
outline of this operation. Figs. 6(a) to 6(c) are images 
15 captured by three cameras (corresponding to camera 3, camera 
1 and camera 2 in Fig 2(a), respectively. Fig. 6(d) is a 
mapping table used for generating a synthetic image from the 
camera images of Figs. 6(a) to 6(c). The image processing 
part 2 generates a synthetic image shown in Fig. 6(e) from 
20 the three camera images of Figs. 6(a) to 6(c), based on 
information of the mapping table of Fig. 6(d). 

The mapping table shown in Fig. 6(d) has mapping data 
about each pixel of the synthetic image shown in Fig. 6(e). 
Each mapping datum describes information about a pixel of a 
25 camera image by which the corresponding pixel of the 
synthetic image is generated. 

"Generating a synthetic image" means to determine 



values of all the pixels of the synthetic image. Herein, the 
image processing part 2 determines values of pixels of the 
synthetic images in the order of the raster sequentially from 
the upper left, and the operation will be described by taking 
5 an example of the case of determining a value of a pixel PI 
in the middle of the raster. 

First, mapping data MPl corresponding to the pixel Pi 
of the synthetic image is referred to. In the mapping data 
MPl, the corresponding camera number and the coordinates of 

10 the corresponding pixel of the camera image. In this example, 
in the mapping data MPl, "1" is described as the camera 
number and "340" as the X coordinate and "121" as the Y 
coordinate are described. 

The image processing part 2 refers to pixel data CI of 

15 the coordinates (340, 121) of the image captured by the 
camera 1 shown in Fig. 6(b), according to the description of 
the mapping data MPl so as to determine the value of the 
pixel PI of a synthetic image. Herein, the simplest method 
for determination is to use the value Cl of the pixel data as 

20 the value of the pixel PI. The synthetic image as shown in 
Fig. 6(e) is generated by determining the value of each pixel 
of the synthetic image by the same method. 

For example, the mapping data MP 2 corresponding to the 
pixel P2 of the synthetic image shows the pixel data C2 of 

25 the image captured by the camera 2 shown in Fig. 6(c), and 
therefore the value of the pixel data C2 is assigned as the 
value of the pixel P2. Similarly, the mapping data MP3 



corresponding to the pixel P3 of the synthetic image shows 
the pixel data C3 of the image captured by the camera 3 shown 
in Fig. 6(a), and therefore the value of the pixel data C3 is 
assigned as the value of the pixel P3 . In the mapping table 
5 of Fig. 6(d), a region Rl corresponds to the camera 1, and a 
region R2 corresponds to the camera 2, and a region R3 
corresponds to the camera 3 . 

A region R4 other than the three regions Rl to R3 
corresponding to the cameras is not covered by the cameras, 
10 or a blind spot that is hidden by the vehicle so that no 
corresponding camera images are present. For example, a 
pixel P4 of the synthetic image is a pixel of the region R4. 
In this case, as the camera number of the mapping data MP4 
corresponding to the pixel P4, a specific camera number 
15 in this example) that indicates that there is no 
corresponding camera image is used. When the camera number 
is predetermined pixel data indicating that this is 

outside the camera coverage or a blind spot are set for the 
corresponding pixel P4. Herein, black is set as the 
20 predetermined pixel data. 

In the example of Figs. 6(a) to 6(e), the mapping table 
is constituted so that a synthetic image overlooking the 
surroundings of the vehicle from the virtual point of view 
above the vehicle can be generated. This kind of mapping 
25 table can be prepared using geometric transformation that 
utilizes a so-called road surface plane model as described 
later. Alternatively, the mapping table can be prepared in 



the trial and error manner while watching the synthetic image. 

In fact, the correspondence relationship between the 
synthetic image and the pixel data of the camera images can 
be set freely depending on the purpose. For example, an 
5 arbitrary region of the camera image can be enlarged or 
contracted to synthesize the region in a part of the camera 
image, or a plurality of camera images can be aligned and 
synthesized. Thus, an arbitrary synthetic image can be 
generated. 

10 For any mapping tables for generating a synthetic image, 

the image processing part 2 only has to perform the steps of 
referring to mapping data, referring to the pixel data of the 
designated camera image, and setting a pixel value of the 
synthetic image with respect to each pixel of the synthetic 

15 image. Therefore, the processing amount thereof can be 
significantly smaller than in the case where image synthesis 
is performed by an operation for each image synthesis. 
Therefore, in this method, the processing amount is constant, 
regardless of the type of the synthetic image, and high speed 

20 processing can be achieved, so that this method is most 
advantageous when used for monitoring that is required to be 
completed real-time in a predetermined period of time or for 
driving aid. 

25 (First example of an operation for generating a synthetic 
image) 

Fig. 7 is a diagram showing an example of a structure 
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of a monitoring system of this embodiment. In Fig. 7, the 
image processing part 2 includes an image synthesizing part 
200, a display pattern storing part 210 and a display pattern 
setting part 220. The displaying storing part 210 includes a 
5 mapping table storing part 211 for storing a plurality of 
mapping tables as described above. The display pattern 
setting part 220 selects one mapping table MPT in accordance 
with the display pattern of a synthetic image to be generated 
from the mapping tables stored in the mapping table storing 

10 part 211, and sets it to a mapping table reference part 202 
of the image synthesizing part 200. 

Furthermore, the display pattern storing part 210 
includes an illustration storing part 212 for storing various 
illustration images. The display pattern setting part 220 

15 reads out an illustration image necessary for generation of a 
synthetic image from the illustration image storing part 212, 
and sets the illustration image to an illustration reference 
part 203 of the image synthesizing part 200. Here, the 
illustration image showing the vehicle is set. 

20 The image synthesizing part 200 generates a synthetic 

image using a camera image output from the image capturing 
part 1 in accordance with the mapping table MPT set in the 
mapping table reference part 202. A timing generating part 
205 generates timing signals for generating an animation 

25 sequence of the synthetic image. 

Each camera 101 is provided with a pair of frame 
memories 102a and 102b. Each camera 101 is of a CCD type in 



this example. When the camera is of a CMOS type, the camera 
can be provided with a frame memory function. In this case, 
the frame memories can be omitted. 

Fig. 8 is a flowchart showing an operation of the image 
5 synthesizing part 200 for generation of one frame of a 
synthetic image. 

First, the image capturing part 1 switches between the 
frame memory 102a in which images captured by each camera 101 
are written and the frame memory 102b referred to by the 

10 image synthesizing part 200, in accordance with the timing 
signal for frame start output from the timing generation part 
205 (step Sll). The two frame memories are provided in each 
camera 101 and switched in order to prevent the writing and 
the reference from interfering with each other, because the 

15 image synthesizing part 200 refers to pixel data of the 
camera image here and there in accordance with the mapping 
table MPT, regardless of the order of writing from the camera 
101, as described later. 

Next, the timing generating part 205 generates a timing 

20 signal for designating a pixel for synthesis processing to 
the mapping table reference 202 (step S12). The mapping 
table reference part 202 reads out mapping data corresponding 
to the designated pixel from the mapping table MPT and 
outputs the data to the pixel synthesizing part 201 (step 

25 S13). 

The pixel synthesizing part 201 generates a value of 
the pixel of the designated image in accordance with the 



content of the input mapping data, using the pixel data of 
each camera image stored in the frame memory 102, the pixel 
data of the illustration images stored in the illustration 
reference part 203 and the like, and outputs the value to a 
5 video signal generating part 204 (step S14). The processing 
of step S14 will be described later. 

The video signal generating part 204 converts the input 
pixel value of the synthetic image to a video signal in 
accordance with the timing signal output from the timing 
10 generating part 205, and outputs the video signal to a 
displaying part 3 (step S15). 

The image synthesizing part 200 executes the processing 
of steps S12 to S15 with respect to all the pixels of the 
frame (steps S16, S17). When processing for the final pixel 
15 of the frame is completed, the timing generating part 205 
starts the processing for the next frame. 

The same processing can be executed by field unit. 
Fig. 9 is a diagram showing an example of the structure 
of the mapping table. The mapping table shown in Fig. 9 has 
20 four types of mapping data MP11 to MP14. The structure of 
each mapping data is basically the same as those shown in Fig. 
6, except that the rate of necessity of the pixel value is 
described, in addition to the camera number and the x, y 
coordinates. Herein, "the rate of necessity" is represented 
25 by values from 0 to 1, and the larger the value is, the 
higher the necessity is. 

The mapping data MPll describes the correspondence 



relationship between the pixel of the synthetic image and the 
pixel data of one camera image. In this case, the rate of 
necessity is "1". The mapping data MP12 describes the 
correspondence relationship between the pixel of the 
5 synthetic image and the pixel data of a plurality of camera 
images. In this case, the pixel data of the camera image are 
weighted in accordance with the rate of necessity to generate 
the pixel value of the synthetic image. 

The mapping data MP13 is used to attach the pixel data 
10 of the illustration image to the pixel of the synthetic image. 
More specifically, the number that does not correspond to any 
actual cameras ("99" in this example) is assigned to the 
illustration reference part 203 as the camera number so that 
an illustration image stored in the illustration reference 
15 part 203 can be identified. 

The mapping data MP14 indicates that the pixel of the 
synthetic image is in a so-called blind spot region. More 
specifically, when generating the mapping table, as a result 
of calculating the coordinate values of the pixel of the 
20 camera image that is referred to for generation of the pixel 
of the synthetic image, when the pixel of the coordinate 
values represent, for example, the vehicle itself, the pixel 
of the synthetic image fall on a region obtained by combining 
the vehicle region and the blind spot region. The blind spot 
25 region is a region obtained by subtracting the vehicle region 
from the combined region. For this reason, the blind spot 
region can be represented by assigning values that do not 



exist as the camera numbers or the x, y coordinates. In this 

example, is assigned as the camera number. 

Fig. 10 is a flowchart showing the flow of the detailed 

process of the pixel synthesis step S14. 

First, a value of the pixel for synthesis is 

initialized to "0" (step S21). 

Next, the camera number, the x, y coordinates and the 

rate of necessity are read out from the mapping data 

corresponding to the pixel for synthesis (step S22). 

In step S22, when the camera number that has been read 

out is an identification number »ss" indicating an 
illustration image (that is, the case of the mapping data 

MP13), the procedure goes to step S24, where the pixel data 
of the designated x, y coordinates of the illustration image 
stored in the illustration reference part 203 are read out 
and stored. Then, the procedure goes to step S28. On the 
other hand, when the camera number is not "99", the procedure 
goes to step S25. 

In step S25, when the camera number that has been read 
out is an identification number " -\" indicating a blind spot 
region (that is, the case of the mapping data MP14), the 
procedure goes to step S26, where the pixel data representing 
the blind spot region that has been previously set are stored. 
Then, the procedure goes to step S28. On the other hand, 
when the camera number is not the procedure goes to 

step S27 . 

In step S27, when the camera number is not "99" or 
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that is, when it is determined that the pixel for synthesis 
is not in a region on which an illustration image is attached 
nor the blind spot region, the camera number represents the 
number of an actual camera, so that the pixel data of the 
5 designated x, y coordinates are read out from the camera 
images stored in the frame memory 102 of the corresponding 
camera number. 

In step S28, the stored pixel data are weighted in 
accordance with the rate of necessity and added to the pixel 

10 value of the synthetic image. With respect to all the camera 
numbers described in the mapping data, steps S22 to S28 are 
repeated (steps S29, S30) . When the processing is completed 
with respect to all the camera numbers, the image 
synthesizing part 201 outputs the values of the pixels (step 

15 S31) . 

For example, in the case of the mapping data MP12 shown 
in Fig. 9, the pixel value of the synthetic image can be 
obtained by the following equation. 

The pixel value of the synthetic image = 
20 (the pixel value of the coordinates (10,10) of the 

camera 2 x 0.3 

+ the pixel value of the coordinates (56,80) of the 
camera 3 * 0.5) 

/ (0.3 + 0.5) 

25 Herein, division by the sum of the degrees of necessity 

(0.3 +0.5) is performed to normalize the pixel value. 

The above-described operation easily can generate a 



synthetic image obtained by combining a plurality of camera 
images or a synthetic image including an illustration image. 
Furthermore, a synthetic image obtained by displaying a semi- 
transparent illustration image on an actual image can be 
generated by weighting the camera image and the illustration 
image in accordance with the rate of necessity. Moreover, a 
synthetic image obtained by displaying semi-transparent 
illustration images can be generated by weighting the pixel 
data other than the camera image in accordance with the rate 
of necessity. 

Furthermore, as the illustration image, illustration 
images other than illustrations or images of the vehicle, 
such as those having a fixed shape on a screen such as a 
scale or an index of images, can be used. 

In the description of this example, the camera number 
("99") for referring to the illustration images and the 
camera number ("-1") for indicating the blind spot region are 
set independently. However, if the images representing the 
blind spot region are stored in the illustration reference 
part 203, the same camera number ("99") can be used for 
referring to the illustration images and for indicating the 
blind spot. In this case, for example, it is possible to 
store the illustration images representing the vehicle in 
combination with the images representing the blind spot 
region in the illustration reference part 203. 

Furthermore, when the display pattern is changed in 
response to the designation of the display mode, it is 
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sufficient for the display pattern setting part 220 to read 
out a mapping table corresponding to a new display pattern 
from the mapping table storing part 211, and to set it in the 
mapping table reference part 202. Alternatively, a plurality 
of mapping tables may be synthesized so that a new mapping 
table can be generated. 

In this example, as the mapping data MP13 shown in Fig. 
9, the X, Y coordinate values of the illustration reference 
part 203 are described to display the illustration image. 
However, the pixel data itself of the illustration image can 
be described in the mapping data instead. 

Fig. 11 is an example of the mapping data in this case. 
In the mapping data MP15 of Fig. 11, when the camera number 
is "99", that is, an illustration image is displayed, the 
pixel data itself of the illustration image are stored in the 
form of the values of red (R), green (G) and blue (B) in the 
region where the x coordinate and the y coordinate are stored. 

For example, if the X coordinate and the Y coordinate 
are represented with 16 bits, the size of the region is 32 
bits. On the other hand, if the image data of the 
illustration image are represented with 8 bits each for R, G 
and B, the data are constituted with 24 bits in total. 8 
bits "0" are added as the upper bits to make it 32 bit data, 
and the data are stored in the coordinate region. In this 
case, in the step S24 of Fig. 10, the R, G and B values 
described in the mapping data MP15 are read out and stored, 
instead of referring to the illustration reference part 203. 
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In this case, the mapping table and the illustration 
image are combined, so that the illustration reference part 
203 can be eliminated. Furthermore, since the R, G and B 
values are read out directly from the mapping data, instead 
5 of reading out the x, y coordinate values from the mapping 
data and then reading out the pixel data of the corresponding 
illustration image, one procedure of the process can be 
eliminated. 

Furthermore, to display the illustration image of the 
10 vehicle, in general, a value 1.0 is often assigned as the 
rate of necessity. However, as in the example of Fig. 11, 
the rate of necessity of the illustration image is a value 
smaller than 1.0 and the illustration image is synthesized 
with another camera image so that a scale or an index can be 
15 displayed in a semi-transparent manner on the synthetic image. 

<Example of basic synthetic image> 

The mapping table can be classified roughly into two 
groups of a single map and a composite map. "Single map" 
20 refers to a map where camera images and images from a virtual 
point of view are correlated by the pixel level, using a 
predetermined space model (which will be described in detail 
later). •"Composite map" will be described later. 

The display mode of the image processing part 2 is 
25 determined by the type of the mapping table set in the image 
synthesizing part 200. This display mode can be switched 
manually or automatically. 
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A typical single map and an example of a synthetic 
image using the single map will be described below. 

Vertical downward view (Figs. 12 to 14) 
5 A road surface plane model is used as the space model. 

The position of the virtual point of view is above the 
vehicle , and the direction of the line of sight is directed 
straight downward. This example is characterized in that the 
distance can be perceived easily and this example can be used 
10 advantageously for parking (perpendicular or parallel 
parking) or the like. Fig. 12 shows an image utilizing 
images from eight cameras. Fig. 13 shows an image utilizing 
images from four cameras. Fig. 14 shows an image utilizing 
images from two cameras . 

15 

Obliquely downward view (Fig. 15) 

A road surface plane model is used as the space model. 
The position of the virtual point of view is above the 
vehicle, and the direction of the line of sight is directed 

20 obliquely backward. The range of view can be changed freely 
by adjusting the angle of the line of sight. In this mode, 
the backward of the vehicle can be looked out extensively in 
the right position relationship. This mode can be used 
advantageously as a rear view monitor at regular running, or 

25 to confirm safety at a low speed back-up such as the start of 
an operation for parking. At a low speed running, the range 
of view or the direction can be switched depending on the 
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speed. 



Panorama (Figs. 16 and 17) 

A cylindrical model is used as the space model. Fig. 
16 is a forward panorama mode. The position of the virtual 
point of view is at the front edge of the vehicle, and the 
direction of the line of sight is straight ahead. In this 
mode, the state of the forward of the running direction can 
be seen, so that this mode can be utilized as a blind corner 
view monitor. More specifically, when the vehicle goes into 
a large street from a narrow lane, this mode allows the state 
of the large street to be recognized at once. 

Fig. 17 is a backward panorama mode. The position of 
the virtual point of view is at the rear edge of the vehicle, 
and the direction of the line of sight is straight backward. 
In this mode, the backward portion of the vehicle can be 
looked out extensively as a 180 degree-panorama image. This 
mode can be used as a rear view monitor at running 
(especially, at high speed running). 

Obliquely downward view + panorama (Fig. 18) 

A road surface plane model and a cylindrical model are 
used as the space models. More specifically, as shown in Fig. 
18, an image of a place near the rear of the vehicle is 
displayed in the obliquely downward view mode using the road 
surface plane model, and an image of a place far from the 
rear of the vehicle is displayed in the panorama mode using 



the cylindrical model. Thus, this mode can be used 
advantageously in applications both in the obliquely downward 
view mode and the panorama mode. 



5 <Display automatic switching> 

In the monitoring system of the present invention, more 
safe and comfortable driving can be supported by switching 
the mapping table described above in accordance with various 
driving scenes, as appropriated. Furthermore, in one driving 
10 operation, it is essential for the driver to switch the 
mapping table in accordance with the ever-changing 
circumstances of the surrounding of the vehicle. 

In other words, at least one of the position, the 
direction of the line of sight and the focal length of the 
15 virtual point of view of the synthetic image is changed in 
accordance with the running state of the vehicle, so that the 
convenience for the driver can be improved. 

Figs. 19(a) to 19(f) are views showing an example in 
which the height of the virtual point of view of the 
20 synthetic image is changed. In the images shown in Figs. 
19(a) to 19(f), the height of the virtual point of view is 
increased in descending order, and the display region 
including the vehicle becomes gradually wider. In other 
words, zoom-up is realized by lowering the height of the 
25 virtual point of view, and zoom-down is realized by raising 
the height of the virtual point of view. Even if the focal 
length of the virtual point of view is changed, the synthetic 



image can be changed in the same manner as in Figs. 19(a) to 
19(f). 

A first example of a trigger for switching the height 
of the virtual point of view can be a running speed of the 
5 vehicle. For example, the virtual point of view can be 
raised as the running speed of the vehicle is increased, so 
that a wider area can be displayed. On the other hand, the 
virtual point of view can be lowered as the running speed of 
the vehicle is reduced, so that a narrower area can be 

10 displayed. Alternatively, when the vehicle is provided with 
an object detecting sensor for measuring the distance between 
the vehicle and an obstacle, output signals from the object 
detecting sensor can be used as the trigger for switching. 
For example, the virtual point of view can be lowered as the 

15 distance between the vehicle and the detected obstacle is 
reduced, so that a narrower area can be displayed. On the 
other hand, the virtual point of view can be raised as the 
distance is increased, so that a wider area can be displayed. 
Furthermore, a switching switch may be provided so that the 

20 driver or another passenger can designate enlargement or 
contraction of the image via the switch. 

Figs. 20(a) to 20(d) are views showing an example in 
which the direction of the line of sight of the virtual point 
of view of the synthetic image is changed. In the images 

25 shown in Figs. 20(a) to 20(d), the direction of the line of 
sight of the virtual point of view is changed gradually from 
oblique backward to vertical downward. With the change in 
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the direction of the line of sight, the model for generating 
the synthetic image is also changed. In other words, the 
region for the synthetic image of a quasi-cylindrical model 
is larger as the direction of the line of sight is inclined 
more obliquely, so that a farther place can be seen easily. 

In Figs. 20(a) to 20(d), it can be said that with the 
change in the direction of the line of sight of the virtual 
point of view, capturing an image outside of the view range 
of the changed virtual point of view is controlled. In other 
words, using the quasi-cylindrical model, the image that is 
outside of the view range of the virtual point of view can be 
captured. Then, the presence or the absence of the capturing 
of the image that is outside of the view range of the virtual 
point of view, the size thereof, and the image capturing 
range are controlled in accordance with the running state of 
the vehicle. 

An example of a trigger for switching the direction of 
the line of sight of the virtual point of view can be the 
running speed of the vehicle, input with a switch or the like, 
as in the case of switching the height of the virtual point 
of view. For example, when the running speed of the vehicle 
is low, the line of sight is oriented straight downward. As 
the running speed is increased, the direction of the line of 
sight is inclined so that more backward can be displayed. 

Figs. 21(a) and 21(b) are views showing an example 
where the direction of the line of sight of the virtual point 
of view of the synthetic image is changed in accordance with 

33 



the steering angle of the vehicle. In the example of Figs. 
21(a) and 21(b), the virtual point of view is rotated about 
the optical axis in accordance with the steering angle. Fig. 
21(a) is a synthetic image when the gear is in reverse and 
the steering wheel is straight. In this case, the vehicle 
moves straight backward, and therefore the virtual point of 
view is set in such a manner that the vehicle in the 
synthetic image is straight, and the regions on the right and 
the left of the vehicle are equally displayed, so that the 
area behind the vehicle can be seen easily. On the other 
hand, Fig. 21(b) is a synthetic image when the gear is in 
back and the steering wheel is rotated left. In this case, 
the vehicle moves left backward, and therefore the virtual 
point of view is rotated about the optical axis so that the 
area to which the vehicle moves, that is, the right side, the 
right backward and the backward of the vehicle can been seen 
easily. Thus, safety is ensured further. 

Figs. 22(a) and 22(b) are views showing an example of 
image switching in response to output signals from the object 
detecting sensor. Fig. 22(a) is a scene before the object 
detecting sensor detects an obstacle approaching the vehicle. 
When the object detecting sensor detects an obstacle 
approaching the vehicle, the image on the screen is switched 
to the image shown in Fig. 22(b). In other words, the image 
is enlarged on the display so that the distance between the 
vehicle and the detected obstacle is recognized more easily. 

Thus, when the object detecting sensor detects an 



obstacle, the image is displayed with enlargement / 
contraction / rotation, etc., that is effected step by step 
or continuously in accordance with the distance to the 
obstacle, so that the obstacle can draw the attention of the 
driver or the passenger- Furthermore, the position of the 
virtual point of view can be changed in accordance with the 
position in which the obstacle is located. 

Furthermore, as shown in Fig. 23, the region in which 
the obstacle is located can be enlarged and displayed, and 
the region can be enclosed with a frame and displayed. 
Alternatively, the frame can be flashed, or the color inside 
the frame can be reversed. This ensures further that the 
attention of the driver or the passenger can be drawn. 
Display only with enclosure with a frame without enlarging 
the image makes it possible to draw the attention of the 
driver or the passenger. Furthermore, a warning sound can be 
produced together with the change in the screen display so 
that the presence of an obstacle can be informed of. 

Fig. 24 shows another example of image switching in 
accordance with the results of detection of the object 
detecting sensor. In Fig. 24, when an obstacle is detected 
backward of the vehicle, the direction of the line of sight 
of the virtual point of view is changed from straight 
downward to slightly backward. This change makes it possible 
to watch the obstacle located backward of the vehicle more 
easily. Furthermore, the virtual point of view can be 
displaced in parallel so that the detected obstacle is in the 



center of the synthetic image. 

In Figs. 19 to 24, the synthetic images in the case 
where the virtual point of view is above the vehicle have 
been described. However/ even if the virtual point of view 
5 is located in another position, the convenience of the driver 
can be improved by changing at least one of the position, the 
direction of the line of sight and the focal length of the 
virtual point of view in accordance with the running state of 
the vehicle. As other examples of the position of the 

10 virtual point of view, the position of the rear trunk or the 
position of the head of the driver can be used. 

In Figs. 20(a) to 20(d), with change in the direction 
of the line of sight of the virtual point of view, capturing 
an image outside of the view range is controlled. However, 

15 with the change in the position or the focal length of the 
virtual point of view, capturing an image that is outside of 
the view range can be controlled. Furthermore, an image that 
is outside of the view range of the virtual point of view can 
be captured without using the models. Moreover, control of 

20 capturing an image that is outside of the view range of the 
virtual point of view may be only performed in accordance 
with the running state of the vehicle without changing the 
virtual point of view. 

25 (Second example of an operation for generating a synthetic 
image ) 

Display image easily can be switched by changing the 
36 



mapping table to be used, as appropriate. However, in this 
case, to switch display image continuously, it is necessary 
to prepare a large number of mapping tables. For this reason, 
it is necessary to provide a storing part having a large 
5 storage capacity, which is unfavorable. 

In this example, an original mapping table larger than 
a synthetic image is provided, and a mapping table that is 
cut out from this original mapping table is used to 
synthesize the synthetic image. In this case, continuous 

10 switching of display image easily can be realized by changing 
the mapping table to be cut out, as appropriate. 

Fig. 25 is a diagram showing the configuration of a 
monitoring system of this example. This configuration is 
different from that shown in Fig. 7 in that based on the 

15 coordinates of the pixel of the synthetic image output from a 
timing generating part 205 and the region designation 
information of the mapping table set by a display pattern 
setting part 220A, a map region setting part 302 generates an 
element of the corresponding mapping table and outputs the 

20 element to a mapping table reference part 202. In the 
mapping table reference part 202, the original mapping table 
stored in an original mapping table storing part 301 included 
in the display pattern storing part 210A is set by the 
display pattern setting part 220A. 

25 More specifically, in the first example described above, 

in the step S13 shown in Fig. 8, the mapping data in the same 
position as the pixel of the synthetic image to be output at 



present that is set by the timing generating part 205 is read 
out. In this example, after setting the region of the 
mapping table to be utilized on the original mapping table, 
the mapping table corresponding to the pixel of the synthetic 
image is read out. 

The method for reading out the mapping data in this 
example will be described below. Figs. 26(a) to 26(d) and 
Figs. 27(a) to 27(g) schematically show the relationship 
between the synthetic image and the original mapping table in 
this example. In the example of Figs. 26(a) to 26(d), 
parallel displacement of the synthetic image can be realized 
by fixing the size of the region to be cut out from the 
original table to the same size as that of the synthetic 
image and changing the offset value. In the example of Figs. 
27(a) to 27(d), enlargement and contraction of the synthetic 
image can be realized by changing the size of the region to 
be cut out from the original table and the read-out step of 
the element. 

First, the case where parallel displacement of the 
synthetic image will be described with reference to Figs. 
26(a) to 26(d) . 

The synthetic image shown in Fig. 26(a) has the size of 
a width of W_DISP and a height of H_DISP, and the original 
mapping table shown in Fig. 26(b) has the size of a width of 
W_MAP and a height of H_MAP. The original mapping table in 
this example is a table for creating an image in which a wide 
range of the surrounding of the vehicle is overlooked from 
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the virtual point of view in the sky above the vehicle. In 
the first example described above, if the focal length is 
constant, this corresponds to enlargement of the size of a 
projection plane from (W_DISP, H_DISP) to (W_map, H_MAP) with 
a constant distance between the virtual point of view and the 
projection plane. The original mapping table can be 
constructed in this manner. By enlarging the projection 
plane, the original mapping table can contain information on 
a wider range of areas. Fig. 26(d) is an image obtained by 
replacing the elements of the mapping table by the 
corresponding camera images and the illustration images. 

Next, the display pattern setting part 220A designates 
a region to be used as the mapping table for generating the 
synthetic image by an offset (off_x, off_y) from the origin 
(0, 0) on the original mapping table. A region MPT of a size 
of (W_DISP, H_DISP) with the point (off_x, off_y) as the start 
point is used as the mapping table for image synthesis. The 
mapping data at the position obtained by adding this offset 
(off_x, off_y) to the X, Y coordinates of the pixel obtained 
by raster scanning of the synthetic image is read out from 
the mapping table reference part 202 and is output to the 
image synthesizing part 201. The synthesis processing of the 
pixel is performed according to the flowchart of Fig. 10 as 
in the first example. Fig. 26(c) is a synthetic image 
obtained with the mapping table MPT shown in Fig. 26(b). 

In the case where the coordinates added with the offset 
exceeds the range of the original mapping table, the pixel 
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synthesizing part 201 is notified and display is performed in 
such a manner that a predetermined color (e.g., black) is 
used as the value for the pixel so that the region can be 
recognized. 

This example makes it possible to generate a synthetic 
image when the virtual point of view is displaced in parallel 
to the road surface without increasing the number of the 
mapping tables, in the case where the virtual point of view 
is positioned so that it overlooks vertically from the above 
of the vehicle to the road surface, and a road surface plane 
model is used. In order words, in the first example 
described above, each of the virtual points of view displaced 
in parallel needs a corresponding mapping table. However, in 
this example, one original mapping table is sufficient. For 
example, when displacing the virtual point of view for each 
pixel for smooth displacement of the point of view, in the 
first example, a large number of mapping tables corresponding 
to all the movement steps are required. However, in this 
example, moving the virtual point of view for each pixel can 
be realized simply by changing the start position (off_x, 
off_j) at which the mapping table is cut out in one wide 
range original mapping table. Moreover, in this example, for 
example, when changing the position of the virtual point of 
view by dialing or changing the position of the virtual point 
of view toward the direction of an obstacle in proportion to 
the magnitude of the output of the obstacle detecting sensor, 
the position of the virtual point of view can be changed in a 



large number of steps, so that a synthetic image easily can 
be generated in accordance with the circumstances. 

In this example, the virtual point of view is displaced 
in parallel in a large number of steps, so that there is no 
need of using a large number of mapping tables. Therefore, 
the memory for storing the mapping tables only has to have a 
capacity for storing one original mapping table Furthermore, 
in the first example, it takes time to switch or set the 
mapping tables, whereas in this example, setting offset is 
only required. Thus, high speed processing can be achieved. 

Next, the case where the synthetic image is enlarged or 
contracted in the same manner will be described with 
reference to Figs. 27(a) to 27(g). 

In Figs. 27(a) to 27(g), the timing generating part 205 
is assumed to designate the coordinates (x, y) of a pixel Pi 
of a synthetic image shown in Fig. 27(a). The display 
pattern setting part 220A designates a read-out step {step_x, 
step_y) of an element as well as a start position (off_x, 
offjy) of a region. In this case, if the coordinates of the 
mapping data MD corresponding to the pixel PI is (u, v), the 
coordinates (u, v) can be obtained by the following equation, 
u = step_x * x + off_x 
v = step_y * y + off_y 

The synthetic image can be enlarged or contracted 
smoothly by changing the value of the read-out step (step_x, 
step_y). When the region of the mapping table that is cut out 



from the original mapping table changes to MPTl, MPT2, MPT3, 
and MPT4 in accordance with the read-out step (step_x, 
step_y), the synthetic image is changed to the images shown 
in Figs. 27(d), 27(e), 27(f) and 27(g). 
5 When the coordinates (u, v) exceed the range of the 

original mapping table, for example, a designated color is 
output in the same manner as in the case of the parallel 
displacement described above. Values other than integers can 
be used as the value of the read-out step (step_x, step_y) . 

10 In this case, the values of (u, v) as a result of calculation 
are converted to integers . 

According to the method for enlargement and contraction 
of this example, the same synthetic image as in the case 
where the range of view is enlarged or contracted by changing 

15 the height or the focal length of the virtual point of view 
can be generated, when the virtual point of view is 
positioned so that it overlooks vertically from the above of 
the vehicle to the road surface, and a road surface plane 
model is used. 

20 For example, when a part of the original image is 

enlarged for display in response to an instruction or of the 
driver or a sensor input, an enlarged image is not abruptly 
output, but the image is enlarged smoothly by using the 
method of this example. As a result, it is easily recognized 
25 as to which part of the region of the original image the 
enlarged image corresponds to. 

Furthermore, parallel displacement as well as 
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enlargement and contraction of an image can be realized by 
changing the offset value as well as changing the read-out 
step. 

In general, there is no need of restricting the region 
of the mapping table to a square. In other words, the 
display pattern setting part 220A can designate the region of 
a mapping table by the coordinates of four vertices of a 
quadrangle . 

In Fig. 28, the region of a mapping table has a shape 
of a convex quadrangle, and is designated by four points nl, 
n2, n3, and n4. In this case, the coordinates {u, v) of the 
mapping data MD corresponding to a pixel Pi of the 
coordinates (x, y) of the synthetic image can be obtained in 
the following manner. 

First, the coordinates of a point na that divides the 
line segment connecting vertices nl and n2 in a ratio of (y / 
H_DISP : 1- y / H_DISP) are obtained. Similarly, the 
coordinates of a point nb that divides the line segment 
connecting vertices n3 and n4 in a ratio of (y / H_DISP : 1- 
y / H_DISP) are obtained. Then, when the coordinates of a 
point that divides the line segment connecting vertices na 
and nb in a ratio of (x / W_DISP : 1- x / W_DISP) are 
obtained, they are the coordinates <u, v) of the 
corresponding mapping data MD. 

This manner of designation makes it possible to 
designate regions of arbitrary mapping tables, including 
parallel displacement, enlargement, contraction and rotation. 
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According to the method of this example, a synthetic 
image that matches precisely with the change of the virtual 
point of view such as parallel displacement of the virtual 
point of view, enlargement and contraction of the range of 
5 view or rotation parallel to the road surface can be 
generated, when a road surface plane model is used, and the 
virtual point of view is positioned so that it overlooks 
vertically from the above of the vehicle to the road surface. 
When the model or the direction of the virtual point of view 

10 is different, it is not necessarily possible to generate a 
synthetic image that matches precisely with the change of the 
virtual point of view. However, in this case as well, it is 
possible to generate a synthetic image approximate to the 
change of the virtual point of view, so that this method is 

15 significantly advantageous. 

<A plurality types of image display> 

The convenience of the driver can be improved by 
displaying a plurality of types of synthetic images on one 

20 screen, or displaying synthetic images and camera images on 
one screen at the same time. For example, the driver can 
recognize precisely the circumstances surrounding the vehicle 
without switching the screen display by displaying a place 
near the vehicle and a place far from the vehicle at the same 

25 time; displaying images in different directions at the same 
time; or displaying the entire body of the vehicle and a part 
of the enlarged vehicle at the same time. 



Such display of a plurality of types of images easily 
can be realized with a composite map. A "composite map" 
refers to a mapping table obtained by cutting out necessary 
portions in the single map for appropriate transformation, 
5 attaching the cut-outs, or attaching camera images to the 
single map. The image display described below can be 
realized easily with a composite map. However, with respect 
to image display other than that, composite maps 
corresponding to various driving scenes can be created by 
10 combining at least two single maps, or a single map and a 
camera image. 

Herein, an example of displaying an image including a 
downward view image viewed from the virtual point of view set 
above the vehicle as a close view image showing the vehicle 

15 and the surroundings thereof, using a road surface plane 
model, and a distant view image showing areas farther than 
the surrounding areas of the vehicle showing this downward 
view image will be described. Fig. 29 shows camera images 
that constitute the base of the description herein. 

2 0 Fig. 30 is an example where camera images showing 

oblique backward as second images are attached on the right 
and the left of the downward view image as the first image. 
In this example, the point of view of the second image is 
different from the virtual point of view of the first image 

25 in the position, the direction of the line of sight and the 
focal length. In the image of Fig. 30, the image of a camera 
2 shooting the scenery obliquely backward on the right is 



arranged on the right side of the downward view image with 
left-right reversal. The image of a camera 6 shooting the 
scenery obliquely backward on the left is arranged on the 
left side of the downward view image with left-right reversal. 
5 In other words, the images of cameras 2 and 6 installed in 
the vicinity of the right and left door mirrors are arranged 
with left-right reversal s<) that the images are displayed as 
if they were seen on the door mirrors. Therefore, the driver 
can grasp the circumstances surrounding the vehicle 
10 intuitionally with the same sense as looking at the door 
mirror. The images can be displayed without left-right 
reversal . 

Fig. 31 is an example where a downward view image 
showing a narrow range as the first image and a downward view 

15 image showing a wide range as the second image are displayed 
side by side. In this example, the virtual point of view of 
the second image is different from that of the first image in 
the height or the focal length. The image of Fig. 31 allows 
immediate grasp of both a place near the vehicle in detail 

20 and a wider range in the thumbnail manner. 

Fig. 32 is an example where obliquely downward view 
images of the forward, the backward, the right, and the left 
of the vehicle as the second images are attached around the 
downward view image as the first image. In this example, the 

25 virtual point of view of the second image is different from 
that of the first image in the direction of the line of sight. 
Fig. 33 is an example where images that might be obtained 
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through a fisheye lens with a quasi-cylindrical model as the 
second images are attached around the downward view image as 
the first image. In this example, the second images are 
different from the first image in the model. Fig. 34 is an 
example where panorama images of the forward, the backward, 
the right, and the left of the vehicle as the second images 
are attached around the downward view image as the first 
image. In this example, the second images are different from 
the first image in the position of the virtual point of view 
and the model. The images of Figs. 32 to 34 allow the driver 
to grasp the distance with respect to the place near the 
vehicle and to look out extensively with respect to the place 
far from the vehicle. 

It is not necessary to attach the distant view image on 
all the sides of the forward, backward, right and left of the 
downward view. A distant view image can be displayed only on 
the side that is desired to be seen, for example, only on the 
right side, or the backward. 

As shown in Fig. 35, when the obliquely downward view 
images are attached around the downward view image on the 
forward, backward, right and left thereof, blank portions are 
provided at the four corners of the display region, so that 
no continuity of the obliquely downward view images can be 
emphasized. 

When image display as shown in Figs. 32 to 35 is 
performed, display can be blurred by subjecting the 
surrounding distant images to filter processing. This allows 



the driver to concentrate his/her attention on the 
surroundings of the vehicle. Furthermore, distortion in the 
surrounding distant images does not stand out. 

Such partial blur processing is advantageous in the 
case of image display with a single map as well. For example, 
in the case of the downward view image as shown in Fig. 5, 
the same effect can be obtained by performing blur processing 
to the surrounding areas in which other parked vehicles are 
displayed without performing blur processing to the vehicle 
and the surroundings thereof. It is preferable to set an 
area within 10m from the vehicle as the region that is not 
subjected to blur processing. It is also possible to 
increase the intensity of blur with increasing the distance 
from the vehicle. 

The image of Fig. 31 can be a synthetic image including 
a first image showing the surroundings of the vehicle and a 
second image obtained by enlarging at least a part of the 
region shown in the first image. The first image can show a 
part of the vehicle instead of the whole body of the vehicle, 
or can show a part of the surroundings of the vehicle. 

Furthermore, the display screen can be a multiwindow 
display, and the synthetic image as described above, camera 
images, images showing the position of the virtual point of 
view, letter information or the like can be displayed in 
subwindows. This achieves easier grasp of the circumstances 
of the surroundings of the vehicle, and thus the convenience 
of the driver can be improved. 
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There may be many methods for display on a multiscreen. 
For example, as shown in Fig. 36, the image showing the 
position of the virtual point of view can be displayed on a 
subwindow together with a camera image or a synthetic image. 
Thus, the position of the virtual point of view easily can be 
grasped. 

Furthermore, for example, when an object detecting 
sensor detects an obstacle, a warning mark showing the 
position of the obstacle can be displayed on the camera image 
or the synthetic image on each subwindow. In addition, the 
position of the obstacle can be displayed with letters on 
another subwindow. 

<Display of a blind spot region and a region of the vehicle > 
Example 1 

Fig. 37 is an example of mask data as region data 
indicating camera images and projection regions of the 
vehicle in the camera images. As shown in Fig. 37, the 
portion where the vehicle is projected in each camera image 
is identified and mask data showing the identified projection 
region of the vehicle are previously stored in the image 
processing part 2. The black portion in the mask data shown 
in Fig. 37 is the projection region of the vehicle. The 
projection region of the vehicle previously can be determined 
uniquely, if the specification and the directions of the 
cameras, and the shape of the vehicle are determined. 

Fig. 38(a) is a vertically downward view image 
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synthesized with the camera images of Fig. 37. In the 
synthetic image shown in Fig. 38(a), the vehicle is projected 
white in the center of the image, which makes the image 
unclear. 

5 Therefore, the mask data of each camera image are 

converted to the images viewed from the virtual point of view, 
and in the synthetic image, the projection region of the 
vehicle is blacked out. As a result, the image as shown in 
Fig. 38(b) can be obtained, which makes the image better. 

10 In Fig. 38(a), the vehicle is projected in the center 

of the image, which makes the image unclear. In addition, an 
actual place in which the vehicle is located is unclear. 
This makes driving difficult. Therefore, the illustration 
image or the actual image of the vehicle is superimposed on 

15 the position on which the vehicle is actually located. For 
example, the image processing part 2 previously stores the 
illustration image or the actual image of the vehicle that is 
presupposed to be viewed from the standard virtual point of 
view, and this image is converted to an image viewed from the 

20 virtual point of view of the synthetic image to be displayed. 
Then, the converted image can be superimposed. As a result, 
the image shown in Fig. 38(c) can be obtained, and the size 
of the vehicle or the position relationship relative to the 
objects surrounding the vehicle can be recognized at once. 

25 Conversion of the image of the vehicle easily can be realized 
with the above-described mapping table. 

In this case, for example, the virtual point of view 
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provided above the vehicle, the virtual point of view 
positioned on the side, the virtual point of view provided 
forwarQ or backward of the vehicle can be used as the 
standard virtual point of view. Furthermore, a plurality of 
5 standard virtual points of view can be provided and an image 
can be prepared with respect to each of the plurality of 
standard virtual points of view. When the position of the 
virtual point of view for generating the synthetic image is 
determined, the standard virtual point of view that provides 
10 the smallest distortion in the image during conversion of the 
image may be selected based on the position relationship of 
the virtual point of view and each standard virtual point of 
view. 

Instead of attaching the illustration or the actual 
15 image of the vehicle, a three-dimensional model with a 
surface model or a solid model that are known in the field of 
CAD /CAM or CG can be attached to the synthetic image. Also 
in this case, images showing three-dimensional models viewed 
from the standard virtual point of view are previously 
20 prepared, and this image is converted to an image viewed from 
the virtual point of view of the synthetic image to be 
displayed. Then, the converted image can be superimposed. 
This conversion easily can be realized with the above- 
described mapping table. 
25 Furthermore, as the image showing the region in which 

the vehicle is actually located, the synthetic image 
generated from the camera image itself may be utilized. 



Furthermore, a part of the vehicle, for example, only the 
bumper portion may be displayed in the synthetic image, and 
for other portions, illustrations or actual images may be 
attached. 

5 

Example 2 

The synthetic image viewed from the virtual point of 
view may include a region that does not belong to any camera 
coverage, and may include a region that cannot be captured by 

10 the camera because of interruption of the vehicle. 

In order to solve this problem, in Example 1 described 
above, the synthetic image can be more clear by assigning 
predetermined pixel data to the projection region of the 
vehicle and blacking out the region. 

15 In this example, as shown in Fig. 39, when the camera 

image on which the vehicle is shown is converted to an image 
from the virtual point of view without any additional 
processing, the converted image of the vehicle is included in 
the synthetic image, which make the image unclear (Al) . In 

20 this case, the image can be clear by blacking out the region 
where the vehicle is shown. 

However, in the image from the virtual point of view, a 
part of the vehicle may be shown in a portion where the 
vehicle does not exist (A2). In this case, it is not 

25 preferable to black out the portion of the vehicle in the 
image from the virtual point of view, because the portion 
that should be seen is also eliminated. This problem can 



arise when the space model used for conversion of the 
original camera image to an image from the virtual point of 
view is different from that in the actual world that is shown 
on the camera (simplified in most cases). Therefore, in 
5 order to solve this problem with respect to its principle , it 
is necessary to calculate information on the depth of the 
actual world in realtime, which requires high speed operation 
ability in the apparatus. Therefore, it is difficult to 
carry this out. 

10 Therefore, this problem can be solved by the following 

method . 

Whether or not the pixel of the synthetic image is 
included in the projection region of the vehicle is 
determined by referring to the mask data that makes a pair 

15 with the original camera image. Generation of this pixel is 
switched depending on whether or not the pixel is included in 
the projection region of the vehicle. More specifically, the 
mask data is not converted to an image from the virtual point 
of view, but the mask data in the form of the original camera 

20 image is used. 

Fig. 40 shows an example of the mask data. As shown in 
Fig. 40, mask data indicating a region that is not used for 
synthesis of an image from the virtual point of view such as 
the projection portion of the vehicle is provided with 

25 respect to each camera image. 

In this case, for example, when the pixel data of a 
camera image for generation of a synthetic image is referred 



to, mask data corresponding to this camera image is also 
referred to. When the pixel is included in the projection 
region of the vehicle, generation of the pixel is not 
performed, and a process such as assigning a specific color 
that can indicate that the region is a blind spot region can 
be performed. 

As the mapping data MP14 described above, the mapping 
table itself can have information as to whether or not the 
pixel of a synthetic image is included in a blind spot region. 
In this case, in synthesis of an image from the virtual point 
of view, there is no need of referring to the mask data for 
every frame, so that high speed processing can be realized. 
Furthermore, this provides the advantage that there is no 
need of providing a storage part for storing the mask data. 

Fig. 41 shows an example of the results of image 
synthesis. In the synthetic image shown in Fig. 41, a 
vehicle region where the vehicle is located and a blind spot 
region around the vehicle are shown. Indicating the vehicle 
region makes it easy for the driver to grasp the position 
relationship or the distance between the vehicle and the 
circumstances of the surroundings. Furthermore, the area 
that is hardly seen directly from the driver's seat can be 
confirmed by the synthetic image. Moreover, indicating the 
blind spot region makes it possible for the driver to 
recognize the area that is not shot by any of the cameras, so 
that safety can be improved. 

It is not necessary to indicate the entire vehicle 
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region where the vehicle is located, and a part of the 
vehicle region may be indicated. For example, when the 
number of cameras to be installed is limited so that only the 
vehicle or a part thereof can be captured, only the captured 
5 part of the vehicle region and the surrounding blind spot 
regions are indicated. Alternatively, when a specific part 
around the vehicle is enlarged for display, a part of the 
vehicle to be displayed and the surrounding blind spot region 
are indicated. 

10 Furthermore, instead of the blind spot region, an 

attention drawing region for drawing the attention of the 
driver or the passengers of the vehicle may be indicated. 
This attention drawing region may be a region including a 
blind spot region around the vehicle that is not shot by any 

15 of the cameras, or may be a region corresponding to the blind 
spot region itself. The attention drawing region may be a 
region indicating a part of the surrounding of the vehicle. 

The attention drawing region can be previously set by 
using the position relationship with the vehicle region, 

20 regardless of the camera shooting coverage. Therefore, 
synthesis can be performed by simple processing. When the 
attention drawing region includes the blind spot region, a 
portion captured by a camera that is not in a blind spot 
region can be hidden as the attention drawing region. 

25 However, for example, the attention drawing region can be 
made semi-transparent for display in combination with the 
blind spot region. 



Fig. 42 is a diagram showing the procedure of 
generating mapping data in the case where the blind spot 
region is obtained with mask data, and illustration images 
are attached. In Fig. 42, <PT1> is a pixel of a synthetic 
image that is generated from one camera image. <PT2> is a 
pixel of a synthetic image for which two camera images are 
referred to, but one of the camera images is removed for 
projection of the vehicle, and the synthetic image is 
generated from the remaining one camera. <PT3> is a pixel of 
a synthetic image for which one camera image is referred to, 
and the camera image is removed for projection of the vehicle. 
<PT4> is a pixel of a synthetic image for which one camera 
image is referred to, but the camera image is removed for 
projection of the vehicle, and an illustration image of the 
vehicle is attached. 

First, in a step 1, the reference coordinates and the 
rate of necessity are calculated. With respect to the pixels 
of the synthetic image, the reference coordinates are 
calculated, regarding all the camera images. This 
calculation is performed by geometric operation, which will 
be described later. In this case, when the obtained 
reference coordinates are outside the shooting coverage of 
the camera image (that is, a blind spot), (-1, -1) is 
described as the coordinates. Also here, the number of 
cameras that are referred to is obtained, and the inverse of 
that number is assigned as the rate of necessity. The rate 
of necessity can be assigned in another method or assigned by 

56 



manual input. In the step 1, the results show that <PT1> 
refers to camera 6, <PT2> refers to camera 4 and 5, <PT3> 
refers to camera 6, and <PT4> refers to camera 2. 

Next, in a step 2, processing of the blind spot is 
performed by referring to the mask data indicating the 
projection region of the vehicle. In the mask data 
corresponding to cameras other than the camera whose 
coordinate values are (-1, -1), it is determined whether or 
not the point indicated by the coordinate value belongs to 
the projection region of the vehicle. When it belong to the 
projection region of the vehicle, the coordinate values are 
converted to (-1, -1). With this conversion, the value of 
the rate of necessity is calculated again when the number of 
cameras to be referred to is reduced. 

With respect to <PTl>, a point (450, 200) in the mask 
data of the camera 6 does not belong to the projection region 
of the vehicle, as shown in Fig. 43(d), so that the 
coordinate values are not converted. With respect to <PT2>, 
a point (150, 280) in the mask data of the camera 4 belongs 
to the projection region of the vehicle, as shown in Fig. 
43(b), so that the coordinate values of the camera 4 are 
converted to (-1, -1). On the other hand, a point (490, 280) 
in the mask data of the camera 5 does not belong to the 
projection region of the vehicle, as shown in Fig. 43(c), so 
that the coordinate values of the camera 5 are not converted. 
Then, the rate of necessity thereof is converted to "I". 
With respect to <PT3>, a point (110, 250) in the mask data of 
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the camera 6 belongs to the projection region of the vehicle, 
as shown in Fig. 43(d), so that the coordinate values of the 
camera 6 are converted to (-1, -1)- With respect to <PT4>, a 
point (600, 290) in the mask data of the camera 2 belongs to 
the projection region of the vehicle, so that the coordinate 
values of the camera 4 are converted to (-1, -1). 

Next, in a step 3, redundant data is organized to 
obtain the minimum necessary data for image synthesis- First, 
all the camera numbers having coordinate values of (-1, -1) 
are changed to Then, when all the camera numbers are 

these data are integrated to one (<PT3>, <PT4>) . When 
camera numbers other than are present, data having a 

camera number of -1 are removed (<PT1>, <PT2>) . 

In a step 4, an illustration image of the vehicle is 
attached. With respect to the pixel of the synthetic image 
for attaching the illustration image of vehicle, the camera 
number of the mapping data is converted to "99", and the 
reference coordinates of the illustration image are set. In 
this example, <PT4> is the pixel for attaching the 
illustration image of vehicle, and therefore the camera 
number is converted to "99", and the coordinate values are 
converted to the reference coordinate values (360, 44) of the 
illustration image. 

Fig. 44(a) is an example of a synthetic image in the 
case where the mapping data at the end of the step 1 is used. 
Fig. 44(b) is an example of a synthetic image in the case 
where the mapping data at the end of the step 3 is used. Fig 

58 



44(c) is an example of a synthetic image in the case where 
the mapping data at the end of the step 4 is used. 

Fig. 45 is a diagram showing a procedure of generating 
mapping data in the case where an attention drawing region is 
designated without using the mask data. In Fig. 45, <PT5> is 
a pixel in a synthetic image generated from one camera image. 
<PT6> is a pixel in a synthetic image on which an attention 
drawing region is designated. <PT7> is a pixel in a 
synthetic image on which an attention drawing region is 
designated, but an illustration image is attached. 

First, in a step 1', an initial mapping table is 
generated. This is performed by the processing of the steps 
1- and 3 shown in Fig. 42. 

Next, in a step 2', an attention drawing region is 
designated. A synthetic image is created using the initial 
mapping table generated in the step 1', and an attention 
drawing region is designated in this synthetic image. 

Next, in a step 3', the mapping data corresponding to 
the attention drawing region is rewritten. In the mapping 
data corresponding to the attention drawing region designated 
in the step 2', the camera number is converted to and 
the coordinates are converted to (-1, -1). Then, when the 
number of the cameras that are referred to is reduced, the 
value of the rate of necessity is calculated again. 

Then, in a step 4', an illustration image of the 
vehicle is attached. In this example, since <PT7> is a pixel 
for attaching an illustration image, the camera number is 
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converted to "99" and the coordinate values are converted to 
the reference coordinates value (360, 44). 

Fig. 46(a) is an example of a synthetic image in the 
case where the mapping data at the end of the step 1' is used. 

5 Fig. 46(b) is an example of a synthetic image in the case 
where the mapping data at the end of the step 3' is used. 
Fig. 46(c) is an example of a synthetic image in the case 
where the mapping data at the end of the step 4' is used. 

In this manner, a process such as superimposing the 

10 image of the vehicle on the synthetic image, assigning a 
specific color to the entire blind spot region or the entire 
attention drawing region can be performed easily. When 
setting an attention drawing region, a predetermined 
attention drawing region is synthesized without referring to 

15 the mask data with respect to the cameras, so that a 
synthetic image can be generated more simply. On the other 
hand, when setting a blind spot region, the mask data with 
respect to the cameras are referred to, so that all the 
circumstances of the surroundings of the vehicle captured by 

20 the cameras can be reflected on the synthetic image. 

In the above description, the monitoring system and the 
image processing apparatus of the present invention are 
applied to vehicles. However, the present invention also can 
be applied easily to movable bodies other than vehicles such 

25 as airplanes or ships. Moreover, the cameras can be 
installed in places to be monitored other than movable bodies, 
such as stores, houses, and showrooms. 



The positions or the number of the plurality of cameras 
are not limited to those shown in this specification. 

All or part of the functions of the image processing 
apparatus of the present invention may be realized with a 
dedicated hardware or may be realized with software. 
Moreover, recording media or transmission media storing 
programs for executing all or part of the functions of the 
image processing apparatus of the present invention on a 
computer can be utilized. 

<Geometric trans format ion> 

In order to create a mapping table for synthetic images, 
it is necessary to determine the coordinates of a pixel of 
each camera image corresponding to each pixel of a synthetic 
image viewed from a virtual point of view. 

For this purpose, first, a world coordinate system (Xw, 
Yw, Zw) corresponding to each pixel of a synthetic image from 
a virtual point of view is obtained. Then, the coordinates 
of pixels of a camera image corresponding to three- 
dimensional coordinates of the world coordinate system is 
obtained. This manner of using the two steps is convenient. 

The ultimately required relationship is only a 
relationship between each pixel of a synthetic image from a 
virtual point of view and a pixel of each camera, and there 
is no reason for limiting to the mapping table obtained via 
the world coordinate system. However, the mapping table 
obtained via the world coordinate system clarifies the 
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significance of the synthetic image in the world coordinate 
system, which is a coordinate system in the actual world, so 
that this is important in that the synthetic image that 
easily can be correlated with the circumstances of the 
5 surroundings with the actual distance or the position 
relationship can be generated. 

The world coordinates (Xw, Yw, Zw) corresponding to the 
coordinates (Vxe, Vye, Vze) of the point of view of the 
synthetic image can be obtained by Equation ( 1 ) : 

10 
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where as the parameters indicating the position and the 
direction of a virtual point of view, the coordinates in the 

15 world coordinate system of the point of view is represented 
by the position vector Tv = (Txv, Tyv, Tzv) , and the 
direction of the line of sight is indicated by a rotating 
matrix Rv having three rows and three columns indicating 
rotation to match the view plane coordinate system to the 

20 orientation of the world coordinate system. 

Fig. 47 is a schematic view illustrating the 
relationship between the viewpoint coordinate system and the 
world coordinate system. 
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As shown in Fig. 
follows : 



cosa v 0 - sin ct v 

0 10 
sina v 0 cosa v 



the rotating matrix Rv is as 



"10 0 
0 cos p v - sin fi v 
0 sin /?„ cos /3 V 



cosy v siny v 0' 
-sin/ v cosy u 0 
0 0 1 



(2) 



where the angle of horizontal rotation (azimuth) of the 
line of sight with respect to the Y-Z plane of the world 
coordinate system is av, the inclination angle (elevation 
angle) of the line of sight with respect to the X-Z plane is 
|3v, and the rotation (twist) around the optical axis of the 
camera is yv. 

On the other hand, the relationship between the Vxe and 
Vye of the viewpoint coordinate system (Vxe, Vye, Vze) of the 
virtual point of view and the two-dimensional coordinate Uv 
and Vv on the projection plane can be represented by Equation 
(3) using the focal length fv from perspective projection 
transformation . 



(3) 



The focal length may be represented by the unit of mm 
20 or inch corresponding to the size, assuming that the 
projection plane is a film or a CCD, or may be represented by 
the pixels corresponding to the size of the synthetic image. 
In this example, the projection plane is normalized to have a 
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width of 2 and a height of 2 with the projection center as 
its center, and the focal length corresponding thereto is 
used. 

Therefore, as for the relationship between the 
5 coordinates on the projection plane and the pixels of the 
synthetic image, if the horizontal width of the image is Wv 
pixels, and the vertical width is Hv pixels, the coordinates 
(Uv, Vv) on the projection plane corresponding to the pixel 
positioned (Sv, Tv) from the upper right of the image can be 
10 obtained by: 

Uv = 2 xsv/wv-1 

Vv = 2XTv/Hv-l (4) 



As a result, the three-dimensional coordinates <Xw, Yw, 
15 Zw) of the world coordinate system corresponding to an 
arbitrary pixel (Sv, Tv) of the synthetic image can be 
obtained from Equations (1) to (4), the position of the 
camera Txv, Tyv, Tzv, the direction of the camera av, |3v, yv, 
and the focal length f v by Equation ( 5 ) . 



20 
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f v 'K f v 'H v 
2S -W 2T -H XTr „ 

( /„/ r^ + : TT v r v32 + r M )V m +T„ 



(5) 



{ f v 'W v v31 f v -H v 
However, in Equation (5), the depth Vze corresponding 
to the coordinates (Sv, Tv) of the synthetic image is 
undetermined. In other words, it is necessary to determine 
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the depth value from each pixel to the object to be captured 
in the synthetic image. 

If the three-dimensional shape of the object viewed 
from the virtual point of view can be known, the depth of 
5 each pixel can be obtained. However, this is difficult in 
general. Therefore, a model for the shape of the object 
viewed from the virtual point of view is assumed to obtain 
Vze, and the relationship between the coordinates of the 
synthetic image and the three-dimensional coordinates of the 
10 world coordinate system is obtained. 



- Road surface plane model- 
As one example thereof, the case where an object is on 
the road surface plane in contact with the vehicle will be 
15 described. 

If it is assumed that all objects are present on a 
plane (road surface) of the world coordinate system, the 
three-dimensional coordinates (Xw, Yw, Zw) of the world 
coordinate system satisfies the following equation of a plane. 
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ax w + by w + cz w + d = 0 ( 6 ) 

Therefore, Vze can be obtained by substituting Equation 
(6) in Equation (5) as follows. 

aT+bT+cT+d 



= -/„- 



aQi+bQ 2 +cQ 3 



2S-W v 2T v -H v 
where Q t = r vll ^ + r vU + r vl3 /„ 
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2S-W V 2T v -H v . 

Therefore, from the coordinates (Sv, .Tv) of the pixel 
5 of the synthetic image from the virtual point of view, the 
corresponding three-dimensional coordinates (Xw, Yw, Zw) of a 
plane of the world coordinate system can be obtained by 
substituting Equation (7) in Equation (5). 

The coordinates of each pixel of each camera image 

10 corresponding to the three-dimensional coordinate system (Xw, 
Yw, Zw) in the world coordinate system can be obtained by 
substituting the parameters of Tx, Ty, Tz, a, p, and y 
corresponding to the position and the direction of each 
camera in the relative equation similar to Equation (1). 

15 For example, if the position of the camera 1 is Txl, 

Tyl, and Tzl, and the direction thereof is al, pi, and yl, 
the camera coordinate system Xel, Yel, and Zel of the camera 
1 corresponding to the pixel (Sv, Tv) of the synthetic image 
can be calculated with Equation (8). 

20 
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'cos/j -siny 1 0' 
sin/ 1 cos/ i 0 
0 0 1 



10 0 
0 cos sin /3 l 
0 - sin 6. cos B. 



cosa 1 0 sina 1 

0 1 0 
- sin a v 0 cosa t 



(8) 



The relationship between this camera coordinate system 
and the coordinate system (Ul, VI) of the camera image can be 
5 calculated with Equation (3) as follows. 
Ul = fl/ZelXXel 

Vl = fl/zelXYel (9) 
where the focal length of the camera 1 is fl. The 
pixel of the corresponding camera image can be calculated 
10 with Equation (10), assuming that the size of the camera 
image is Hi pixels in the vertical length and Wl pixels in 
the horizontal width, the aspect ratio is 1: 1, and the 
center of the camera is the center of the image. 

15 Sl=Wl/2X (Uv+l) 

Tl=Hl/2X (Vv+l) (10) 

With the above procedure, the pixel (SI, Tl) of the 
image of the camera 1 corresponding to the pixel (Sv, Tv) of 
20 the image from the virtual point of view can be obtained. 
The pixel coordinates (Sn, Tn) corresponding to (Sv, Tv) with 
respect to a general camera n other than the camera 1 can be 
calculated in the same manner. In the parameter table, the 
camera number n and its coordinates (Sn, Tn) are written by 
25 selecting one or a plurality of optimal coordinates among 
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them, depending on various conditions, for example, whether 
or not (Sn, Tn) is within the range of an actual camera image, 
or whether or not enlargement ratio or contraction ratio of 
the pixel is large or the like. 

5 

-Cylindrical model- 
In the above-described road surface model, an object 

located above the horizon on a camera image is never on the 

plane of the road surface, even if the plane of the road 
10 surface is extended infinitely, so that the object cannot be 

viewed from the virtual point of view. 

In order to reflect this object on the synthetic image 

from the virtual point of view, a cylindrical model as shown 

in Fig. 49 is used as a three-dimensional shape of the object. 
15 This model is advantageous, for example, when the direction 

of the virtual point of view is nearly parallel to the road 

surface. 

For simplicity, a cylindrical model having its axes in 
the X-axis and the Z-axis is used. This model is represented 
20 by Equation (11) with (Xc, Zc) as the center of an elliptic 
cylinder, using a parameter (a, c) of the ellipse. This also 
easily applies to models having their axes in the axes other 
than the X-axis and the Z-axis by rotation on the XZ plane. 

25 i — r^— 1 (11) 

a c 

The three-dimensional coordinates (Xw, Yw, Zw) of the 
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world coordinate system corresponding to the coordinates (Sv, 
Tv) of the synthetic image from the virtual point of view can 
be obtained by eliminating Vze from Equation (5) using 
Equation (11). From these coordinates, as in the case of the 
5 road surface plane model, the pixel corresponding to each 
camera image is calculated, so that the relationship between 
the pixel (Sv, Tv) of the image from the virtual point of 
view and the pixel (Sn, Tn) of the camera image is obtained 
and the mapping table is created. 

10 Furthermore, a combination of the road surface plane 

model and the cylindrical model is possible. First, the 
three-dimensional coordinates of the world coordinate are 
obtained with the road surface plane model. When the three- 
dimensional coordinates are outside the cylindrical model, or 

15 are not intersected with the plane, so that there is no 
solution, then the three-dimensional coordinates are obtained 
with the cylindrical model. Thus, synthesis can be performed 
in combination of the road surface plane model and the 
cylindrical model. 

20 

-Quasi-cylindrical model- 
In order to facilitate grasp of the circumstances in 
distant places in the periphery of the road surface plane 
model, a bowl-shaped quasi-cylindrical model is introduced in 
25 the periphery. Fig. 50 shows the shape of the model. The 
portion of a distant place is compressed for synthesis so 
that a wider range can be displayed. The shape of this 



quasi-cylinder is represented by Equation (12). 

(Xw-Xc) 2 (Yw-Yc) 2 (Zw-Zc) 2 „ 

U 2 + ~ ^- = 1 (12) 

a b c 

The center of the bowl is (Xc, Yc, Zc), and it has a 
5 length of (a, b, c) in the X-axis, the Y-axis and the Z-axis 
directions. As in the above cylindrical model, the three- 
dimensional coordinates (Xw, Yw, Zw) of the world coordinate 
system corresponding to the coordinates of the synthetic 
image from the virtual point of view are calculated, and the 
10 relationship between each pixel of the synthetic image and 
the pixel of each camera image can be obtained. 

As in the case of the cylindrical model, a composite 
model in a combination with the road surface plane model can 
be used for synthesis. 

15 

-Processing for lens distortion correction- 
Next, a method for correcting lens distortion by the 
mapping table will be described. When there is distortion 
due to lens distortion in actual camera images, the pixel 

20 coordinates corrected with respect to this distortion are 
calculated when an actual pixel (SI, Tl) is obtained from Uv 
and Vv as described above. Thus, the effect of lens 

distortion can be removed from the synthetic image. This 
distortion correction is incorporated into the relationship 

25 between the synthetic image (Sv, Tv) of the mapping table and 
the camera image (Sn, Tn). Therefore, if the mapping table 

70 



corrected with respect to distortion is created first, at the 
actual synthesis, calculation for correction is not required. 
Also when distortion is not formalized, for example, in the 
case of the function of the distance from the lens center 
5 that is used for conventional lens distortion correction, 
distortion correction can be achieved, provided that a 
pattern of lattice or the like is imaged and information on 
how each pixel moves because of lens distortion is obtained. 



10 
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CLAIMS 



1. An image processing apparatus comprising: 

an image processing part for receiving images captured 
5 by a plurality of cameras shooting surroundings of a vehicle 
to generate a synthetic image viewed from a virtual point of 
view from these camera images, 

wherein the image processing part changes at least one 
selected from a position, a direction of a line of sight, and 
10 a focal length of the virtual point of view in accordance 
with a running state of the vehicle. 

2. The image processing apparatus of claim 1, 

wherein the image processing part changes at least one 
15 selected from a position, a direction of a line of sight, and 
a focal length of the virtual point of view in accordance 
with a running speed of the vehicle. 

3. The image processing apparatus of claim 1, 

20 wherein the image processing part changes at least one 

selected from a position, a direction of a line of sight, and 
a focal length of the virtual point of view, and controls 
capturing of an image outside a view range of the changed 
virtual point of view. 



4. The image processing apparatus of claim 3, 

wherein the image processing part controls the 
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capturing of an image outside a view range of the changed 
virtual point of view by changing a model for image synthesis. 

5. The image processing apparatus of claim 1, 
5 wherein the image processing part changes at least one 

selected from a position, a direction of a line of sight, and 
a focal length of the virtual point of view in accordance 
with a steering angle of the vehicle. 

10 6. The image processing apparatus of claim 1, 

wherein the vehicle includes an object detecting sensor 
for detecting an obstacle, and 

the image processing part changes at least one selected 
from a position, a direction of a line of sight, and a focal 
15 length of the virtual point of view in accordance with 
results of detection by the object detecting sensor. 

7. The image processing apparatus of claim 1, 

wherein the image processing part includes an original 
20 mapping table and generates a synthetic image using a mapping 
table that is cut out from the original mapping table, and 

the image processing part changes at least one selected 
from a position, a direction of a line of sight, and a focal 
length of the virtual point of view by changing the mapping 
25 table to be cut out from the original mapping table. 

8. An image processing apparatus comprising: 
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an image processing part for receiving images captured 
by a plurality of cameras shooting surroundings of a vehicle 
to generate a synthetic image viewed from a virtual point of 
view from these camera images, 
5 wherein the image processing part controls capturing of 

an image outside a view range of the virtual point of view in 
accordance with a running state of the vehicle. 

9. A monitoring system comprising: 

10 a plurality of cameras shooting surroundings of a 

vehicle; 

an image processing part for receiving images captured 
by the plurality of cameras to generate a synthetic image 
viewed from a virtual point of view from these camera images; 
15 and 

a display part for displaying the synthetic image, 
wherein the image processing part changes at least one 
selected from a position, a direction of a line of sight, and 
a focal length of the virtual point of view in accordance 
20 with a running state of the vehicle. 

10. An image processing apparatus comprising: 

an image processing part for receiving images captured 
by a plurality of cameras shooting surroundings of a vehicle 
25 to generate a synthetic image from these camera images, 

wherein the image processing part generates an image 
including a first image and a second image as the synthetic 



image , 

the first image being viewed from the virtual point of 

view, 

the second image being viewed from a viewpoint that is 
5 different from the virtual point of view of the first image 
in at least one selected from a position, a direction of a 
line of sight and a focal length, or 

the second image being different from the first image 
in a model. 

10 

11. The image processing apparatus of claim 10, 

wherein the second image is at least one of the camera 
images . 

15 12. The image processing apparatus of claim 10, 

wherein the first image is a close view image showing 
the vehicle and surroundings thereof, and 

the second image is a distant view image showing an 
area distant from the surrounding area of the vehicle that is 
20 shown by the close view image. 

13. The image processing apparatus of claim 12, 

wherein the image processing part arranges the distant 
view image around the close view image in the synthetic image 

25 

14. The image processing apparatus of claim 13, 

wherein the distant view image is an image having 
75 



continuity with the close view image. 

15. The image processing apparatus of claim 10, wherein 

the first image shows at least a part of the vehicle 
5 and at least a part of the surroundings of the vehicle, and 

the second image is obtained by enlarging at least a 
part of the region shown by the first image. 

16. A monitoring system comprising: 

10 a plurality of cameras shooting surroundings of a 

vehicle; 

an image processing part for receiving images captured 
by the plurality of cameras to generate a synthetic image 
from these camera images; and 
15 a display part for displaying the synthetic image, 

wherein the image processing part generates an image 
including a first image and a second image as the synthetic 
image, 

the first image being viewed from a virtual point of 

20 view, 

the second image being viewed from a viewpoint that is 
different from the virtual point of view of the first image 
in at least one selected from a position, a direction of a 
line of sight and a focal length, or ' ' 

25 the second image being different from the first image 

in a model. 
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17. An image processing apparatus comprising: 

an image processing part for receiving images captured 
by a plurality of cameras shooting surroundings of a vehicle 
to generate a synthetic image from these camera images, 
5 wherein in the synthetic image, the image processing 

part displays at least a part of a vehicle region where the 
vehicle is present, and an attention drawing region for 
drawing attention in which at least a part of the 
surroundings of the vehicle is shown. 

10 

18. The image processing apparatus of claim 17, 

wherein the synthetic image is an image viewed from a 
virtual point of view that is set above the vehicle. 

15 19. The image processing apparatus of claim 17, 

wherein the image processing part displays an 
illustration image or an actual image of the vehicle on the 
vehicle region. 

20 20. The image processing apparatus of claim 17, 

wherein the attention drawing region includes at least 
a part of a blind spot region around the vehicle that is not 
shot by any of the cameras. 

25 21. The image processing apparatus of claim 17, 

wherein the attention drawing region corresponds to the 
blind spot region around the vehicle that is not shot by any 
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of the cameras. 



22. The image processing apparatus of claim 20 or 21, 

wherein the image processing part determines a range of 
5 a region obtained by combining the blind spot region and the 
vehicle region, using region data showing a projection region 
of the vehicle in each camera image. 

23. A monitoring system comprising: 

10 a plurality of cameras shooting surroundings of a 

vehicle; 

an image processing part for receiving images captured 
by the plurality of cameras to generate a synthetic image 
from these camera images; and 
15 a display part for displaying the synthetic image, 

wherein in the synthetic image, the image processing 
part displays at least a part of a vehicle region where the 
vehicle is present, and an attention drawing region for 
drawing attention in which at least a part of the 
20 surroundings of the vehicle is shown. 

24. An image processing apparatus comprising: 

an image processing part for receiving images captured 
by a plurality of cameras shooting surroundings of a vehicle 
25 to generate a synthetic image from these camera images, 

wherein the image processing part generates the 
synthetic image, using a mapping table including first 
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mapping data describing a correspondence relationship between 
pixels of the synthetic image and pixels of the camera images , 
and second mapping data describing an identifier showing that 
a pixel of the synthetic image corresponds to pixel data 
5 other than the camera images. 

25. The image processing apparatus of claim 24 , 

wherein the pixel data other than the camera images 
show the vehicle or a blind spot region that is present in at 
10 least a part of the surroundings of the vehicle. 

26. The image processing apparatus of claim 24, 

wherein the image processing part stores a 
predetermined image other than the camera images, and 
15 with respect to the pixel of the synthetic image, the 

second mapping data describe coordinate values corresponding 
to the pixel in the stored predetermined image. 

27. The image processing apparatus of claim 24, 

2 0 wherein the second mapping data describe pixel data 

corresponding to the pixel of the synthetic image. 

28. An image processing apparatus comprising: 

an image processing part for receiving images captured 
25 by a plurality of cameras shooting surroundings of a vehicle 
to generate a synthetic image from these camera images, 

wherein the image processing part uses mapping data 
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describing a correspondence relationship between pixels of 
the synthetic image and a plurality of pixel data including 
one or both of pixel data of the camera images and pixel data 
other than the camera images, and describing a rate of 
5 necessity with respect to each of the pixel data, and weights 
each pixel data in accordance with the rate of necessity, 

thereby generating the pixel data of the pixels of the 
synthetic image. 



10 29. An image processing apparatus comprising: 

an image processing part for receiving images captured 
by a plurality of cameras shooting surroundings of a vehicle 
to generate a synthetic image from these camera images, 

wherein the image processing part includes an original 
15 mapping table, cuts out a mapping table describing a 
correspondence relationship between pixels of the synthetic 
image and pixels of the camera images, and generates the 
synthetic image, using the cut-out mapping table. 



20 
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ABSTRACT 



A synthetic image viewed from a virtual point of view 
above a vehicle is generated, using images captured by a 
5 plurality of cameras shooting surroundings of the vehicle. 
In the synthetic image, an illustration image or an actual 
image of the vehicle is displayed in a vehicle region in 
which the vehicle is present. The area around the vehicle 
that is not shot by any of the cameras is displayed as a 
10 blind spot region. 
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As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name, 

I believe I am the original, first and sole inventor (if only one name is listed below) or an 
original, first and joint inventor (if plural names are listed below) of the subject matter which 
is claimed and for which a patent is sought on the invention entitled 

IMAfiF PROPOSING APPARATUS AND MONITORING SYSTFM 

the specification of which (check one) 



1 hereby state that I have reviewed and understand the contents of the above identified 
specification, including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose to the United States Patent and Trademark Office all 
information known to me to be material to patentability as defined in Title 37, Code of 
Federal Regulations, Section 1 .56. 

I hereby claim foreign priority benefits under Title 35, United States Code, Section 119(a) - 
(d) or Section 365(b) of any foreign application^) for patent or inventor's certificate, or 
Section 365(a) of any PCT International application which designed at least one country 
other than the United States, listed below and have also identified below, by checking the 
box, any foreign application for patent or inventor's certificate or PCT International 
application having a filing date before that of the application on which priority is claimed. 
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Prior Foreign Application(s) 



P ri ority N ot Claimed 



11-109946 

(Number) 



Japan 

(Country) 



16/0 4/ 1 9 99 

(Day/Month/Year filed) 



(Number) 



(Country) 



(Day/Month/Year filed) 



(Number) 



(Country) 



(Day/Month/Year filed) 
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t hereby claim the benefit under 35 U.S.C. Section 1 19(e) of any United States provisional 
application(s) listed below: 



(Application Serial Number) 



(Application Serial Number) (Filing Date) 



(Application Serial Number) 



I hereby claim the benefit under 35 U.S.C. Section 120 of any United States application(s), 
or Section 365(c) of any PCT International application designating the United States, listed 
below and, insofar as the subject matter of each of the claims of this application is not 
disclosed in the prior United States or PCT International application in the manner provided 
by the first paragraph of 35 U.S.C. Section 112, I acknowledge the duty to disclose to the 
United States Patent and Trademark Office all information known to me to be material to 
patentability as defined in Title 37, C.F.R., Section 1 .56 which became available between 
the filing date of the prior application and the national or PCT International filing date of this 
application: 

Application Serial No. Filing Date Status - patented, 

pending, abandoned 



I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under Section 1 001 of Title 18 of the 
United States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 
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POWER OF ATTORNEY: As a named inventor, I hereby appoint the following attorney(s) 
and/or agent(s) to prosecute this application and transact all business in the Patent and 
Trademark Office connected therewith, (list name and registration number) 




Direct Telephone Calls to: (name and telephone number) 

Gregory A. Stobbs, Esq. (248) 641-1214 



Full name of sole or first inventor Shusaku QKAMQTQ_ 



Inventor's signature: _ Ov^U Ofefl Marco 



Date: April 6, 2001 



Residenc e: Qsak^Japan O 



Citizenship: Japanese 



Post Office Address: 3-R-10-P15, Hoshiganka, Hirakata-shi, Osaka 573-0013 Japan 



Full name Of Second joint invoriitir if any Masamirhi NAKAfiAWA 

Second Inventor's signature: / %^A^tljd^ ^M^y^i^-A 

Date: April 6, 2001 



Citizenship: Japanese 



Post Office Address: PP-5 -30 4, Fu jisaka- k itamac h i, H irakata-shi, Osaka 573-0151 , Japan 
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Full name of third joint inventor, if an y kimin NORORl 

Third Inventor's signature: \Ci^° — 

Date: April 6, 2001 



3$% 



Citizenship: Japanese 

Post Office Address: ifi-1-RH, .inshnji-nho, Karinma - fi hi Osa ka 571 -0063 Japan 

Full name of fourth joint inventor, if any: ^Ats ushi MORIMURA ^ 



Fourth Inventor's signature: 



April 6. 2001 



Citizenship: Japanese 

Post Office Address: A-i4-fi ; NiRhitnmiga nka, N a r a - s h i Na ra 631 -0006 . Japan 



Full name of fifth joint inventor, if any: 

Fifth Inventor's signature: 

Date: . 

Residence: . 

Citizenship: — 



